. Similar to Fig.1 , but for NH50. Table S1 . Correlation coefficients between Arctic CO50 concentration and physical process related metrics (such as convective mass flux (CMF), φjet, mean flux, and φv=0 as listed in the 1 st column, definitions of metrics followed the same fashion as in the manuscript) calculated using all available models versus only the free-running (C1) models versus clustered models (i.e., exclude NIWA-C1 for similarity to ACCESS-C1, exclude EMAC-L90-C1/C1SD for similarity to EMAC-L47-C1/C1SD, exclude WACCM-C1SDV2 for similarity to WACCM-C1SDV1, and exclude CAM-C1/C1SD for similarity to WACCM-C1/C1SDV1). Calculation of correlation is based on climatology, and those are statistically significant (95%) are marked in bold. Table S2 . Correlation coefficients between mean meridional flux over high latitudes (60 • N-80 • N) and Arctic CO50 concentrations (500-800 hPa, 70 • N-90 • N, zonal mean). For mean meridional flux over high latitudes, it is vertically integrated in the low levels (700-1000 hPa) during DJF but in the upper levels (300-500 hPa) during JJA, considering differences in the CO50 vertical maximum between seasons ( Fig. 1(e,f) and Fig. 2(c,d) ). The correlation between climatologies among models are shown in the 2 nd row (similar to results shown in Fig. 9 (b,d) ), while interannual correlations in individual simulations are shown in the rows below. Coefficients that are statistically significant (95%) are marked in bold. 
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